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Core-shell polycaprolactone/polycaprolactone (PCL/PCL) and polycaprolactone/polyvinyl 
acetate (PCL/PVAc) electrospun fibers loaded with synthesized nanohydroxyapatite (HAn) were 
lased treated to create microporosity. The prepared materials were characterized by XRD, FTIR, 
TEM and SEM. Uniform and randomly oriented beadless fibrous structures were obtained in all 
cases. Fibers diameters were in the 150-300 nm range. Needle-like HAn nanoparticles with mean 
diameters of 20 nm and length of approximately 150 nm were mostly encase inside the fibers. 
Laser treated materials present micropores with diameters in the range 70-120 m for PCL-
HAn/PCL fibers and in the 50-90 m range for PCL-HAn/PVAC material. Only samples 
2 
 
containing HAn presented bioactivity after incubation during 30 days in simulated body fluid. 
All scaffolds presented high viability, very low mortality, and human osteoblast proliferation. 



















Scaffolds are specially designed biomaterials that provide a support for cell growth, migration 
and finally proliferation to allow tissue regeneration (Joshi et al., 2016). In order to satisfy the 
required adhesion and proliferation of cells geometric factors are of great importance (Pereira et 
al., 2014). The matrix architecture is vital for the success of bone tissue engineering which 
includes microstructure of scaffold, its porosity percentage and surface topography (Uma 
Maheshwari et al., 2014). Polymer nanofibers obtained by electrospinning mimic the bone 
extracellular matrix structure and the potential to enhance the osseointegration is very promising 
(Song et al., 2013). They also exhibit high surface area to volume ratios favourable for cells and 
bioactive molecules attachment to the fibers surface. However, the small pore size of electrospun 
scaffolds hinders cell infiltration and ultimately reduces their use in replacing large tissues that 
require ample vascularization and nutrient diffusion (Lee et al., 2012). To promote cellular 
viability and extracellular matrix production, electrospun scaffolds with enhanced porosity or 
micro-scale pores could be beneficial since increasing porosity and pore size can provide a three-
dimensional (3D) environment that not only facilitates cell seeding/diffusion but also provides 
better diffusion of nutrients and waste throughout the scaffolds (Suwantong et al., 2014). 
Different techniques were studied to obtain electrospun materials with larger pores or higher 
porosity. Among them the addition of porogens during electrospinning and the posterior 
elimination by leaching was used (Kim et al., 2008). Collection in liquid increases the pore size 
but the fabrication is highly dependent on the surface tension, flow rate and weight fraction of 
the polymer solution (Kim and Kim, 2014a). Another promising technique to improve 
electrospun materials porosity is the surface modification by laser technologies for scaffold 
microstructuring. Laser has become an invaluable tool in processing and treating biological 
4 
 
tissues due to its possibility of precise material processing with clean surfaces and reduced 
thermal damage. Pulsed laser ablation is a well-established universal tool for direct surface 
modification of almost all type of materials. Ultra-short laser pulses (picosecond and 
femtosecond) enable to obtain 3D microstructures with high precision, taking advantage of the 
“cold” ablation process (Ortiz et al., 2014). It was demonstrated that laser machining is an 
efficient technique to prepare patterning structures in electrospun polycaprolactone (PCL) 
membranes (Choi et al., 2007; Wu et al., 2011).  It was found that electrospun poly(l-lactide) 
scaffolds with laser ablated holes exhibit significant better endothelial cell ingrowth (Lee et al., 
2012). McCullen et al. (McCullen et al., 2011) used laser ablation on electrospun PCL scaffolds 
to favour the adhesion and growth of human adipose-derived stem cells. Electrospun PCL/-TCP 
fibers were also treated by laser irradiation to obtain microsized pores (Kim and Kim, 2014b). 
Beside the meaningful cellular activity the material showed enhanced compressive strength. 
Naturally occurring polymers are well suited for various in vivo applications, promoting cell 
adhesion and growth. However, scaffolds fabricated from these polymers could exhibit poor 
mechanical properties or fast degradation rates. Native proteins, such as collagen and fibrinogen, 
are also more expensive and more difficult to source than synthetic polymers (Baker et al., 
2016). Among the synthetic available polymer used to fabricate three-dimensional (3D) scaffolds 
aliphatic polyesters undoubtedly represent so far the most extensive studied class, since they 
combine good physico-chemical and mechanical properties with assessed biocompatibility (Chen 
et al., 2016). Particularly PCL is a low cost, biocompatible polymer that has a slow degradation 
rate and distinct rheological and viscoelastic properties that make it suitable for specific long 
term implantation (Baker et al., 2016). Its compatibility with a wide range of drugs enables 
uniform drug distribution in the matrix and its long term degradation facilitates drug release up 
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to several months (Dash and Konkimalla, 2012). Polyvinyl acetate (PVAc) polymer has also 
been applied in many medical fields because of its strong biocompatibility. The hydrogels 
containing functional groups such as COOH usually show good biocompatibility with blood, 
body fluids, and tissues (Ha et al., 2013). This inert polymer has the advantage that it does not 
induce a deleterious reaction in living tissue (Sadato et al., 1994). Because of all these 
characteristics PVAc has been used in many medical fields, including drug and cell carries and in 
tissue engineering (Abdal-hay et al., 2015). 
One important limitation in the use of synthetic biodegradable polymers as scaffold materials 
is the lack of bioactivity, in particular for bone tissue applications (Aragon et al., 2011). The 
main approach to develop bioresorbable and bioactive scaffolds is the addition of bioactive 
materials to the polymer matrix. Calcium phosphate ceramics have been extensively investigated 
to fabricate highly porous scaffolds to engineer bone due to their near similar composition of 
bone, including excellent biocompatibility, osteoinductive and osteoconductive properties (Uma 
Maheshwari et al., 2014). It has been found that the addition of hydroxyapatite (HA) not only 
enhances the tensile strength of PCL scaffolds but also acts as a chelating agent to accelerate the 
mineralization of human fetal osteoblast cells to form bone-like apatite for bone tissue 
engineering (Jing et al., 2015).  
In this work core shell PCL/PVAc and PCL membranes were obtained by electrospinning. The 
fibers were loaded with synthetic hydroxyapatite nanoparticles (HAn) to increase the bioactivity 
of the materials. The prepared scaffolds were then treated by laser ablation to create desired 
microscale topographical features in order to favour cell adhesion and growth. The materials 
were characterized by scanning electron (SEM) and transmission electron (TEM) microscopies 
and X-ray powder diffraction (XRPD). The bioactivity was also tested. The effect of porosity 
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from patterned holes on cell adhesion morphology and proliferation in vitro was studied. There 
are few publications dealing with the use of laser ablation to improve scaffolds porosity, and to 
the authors knowledge none that apply this technique in PCL/PVAc fibers loaded with HAn.  
2. EXPERIMENTAL SECTION 
2.1. Materials 
PCL and PVAc with an average molecular weight of 80000 Da and 140000 Da respectively, 
dicloromethane (DCM), N,N-dimethylformamide (DMF), calcium carbonate (CaCO3), 
phosphoric acid (H3PO4), ammonium hydroxide solution (NH4OH), TWEEN® 80 and 
CellCrown™ inserts (24 well plate inserts) were purchased from Sigma-Aldrich (Spain). 
Clonetics™ OGM™ osteoblast growth medium (OGM), trypsin-EDTA and Clonetics™ normal 
human osteoblasts (NHOst) were purchased from Lonza (Belgium). Dulbecco's phosphate-
buffered saline (DPBS) were purchased from Biowest (France).  
2.2. Synthesis of hydroxyapatite nanoparticles 
Synthesis of HA (Ca10(PO4)6(OH)2)  nanoparticles was conducted as previously described (Paz et 
al., 2012).
 
CaCO3 was used as calcium sources, maintaining a Ca/P ratio of 1.67 during reaction 
in solution with 0.3 M H3PO4. 
2.3. Preparation of electrospun scaffolds 
Electrospun scaffolds were prepared using an Yflow 2.2.D-500 electrospinner (Coaxial 
Electrospinning Machines/R&D Microencapsulation, Malaga, Spain). PCL pellets were 
dissolved in DCM/DMF (1:1) and PVAc was dissolved in DMF, these solutions were stirred 
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overnight at room temperature. To prepare PCL-HAn scaffolds, HAn powder was dispersed in 
DCM/DMF with the help of TWEEN® 80 by stirring overnight at room temperature, then this 
solution was added to the PCL solution and stirred overnight at room temperature. The polymers 
solutions were loaded into 20 mL plastic syringes. The PCL-HAn suspension was fed through 
the inner needle of the coaxial system and PCL or PVAc solutions were fed through the outer 
one. This last needle was connected to the positive voltage power supply, at a voltage ranging 
from 7 to 13 kV. The shell and core flow rates and the spinning distance were fixed to 0.5 mL/h 
(in both needles) and 19 cm respectively. The spun fibers were collected on a static plate 
(covered with aluminum foil) connected to negative voltage power supply, at a voltage ranging 
from -2 to 4 kV for 18 hours. To create macropores in the fibrous membrane structures, a pulse 
Nd:YAG laser (TECHNOLOGY Q-Switch) was used. Different conditions were used for each 
material: output power: 16 W, wavelength: 1064 nm for the PCL-HAn/PCL fibers and output 
power: 1 W, wavelength: 532 nm for PCL-HAn/PVAc fibers. 
2.4. Physicochemical characterization 
Morphology of HAn and electrospun fibers was analyzed using a TEM microscope operated at 
300 kV (Tecnai F30, FEI, USA) and SEM microscope (Field Emission Scanning Electron 
Microscope CSEM-FEG INSPECT 50, FEI, USA). The size distribution statistics were obtained 
by measuring at least 100 fibers or particles in different images. Fourier transform infrared 
(FTIR) spectrum and XRPD were used to evaluate the molecular structure and to identify the 
crystallographic phases of the HAn. FTIR spectra were recorded using a Vertex-70 FTIR 
spectrophotometer (Brucker, USA). The powder diffraction pattern was measured in a 
diffractometer (Rigaku RINT 2000) with a monochromatic Cu Kradiation.  
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Scaffolds thermal analyses were conducted with a thermogravimetric analyzer (TGA) from 
METTLER TOLEDO (TGA/SDTA 851e). A mercury porosimeter (POREMASTER, 
Quantachrome), was used in the experiments of mercury intrusion. At least five samples were 
tested for each type of membrane. 
2.5. In vitro studies in simulated body fluid (SBF) 
In vitro studies in simulated body fluid (SBF) were carried out using the SBF composition and 
the standard procedures described by Kokubo and Takadama (Kokubo and Takadama, 2006). 
Electrospun scaffolds membranes were immersed in 10 mL of SBF for 30 days at 37 °C and, 
every 72 hours in the first 15 days and every week in the last 15 days, the liquid phase was 
replaced with 10 mL of fresh SBF. After immersion in SBF the samples were characterized by 
SEM to verify whether HA was formed on the surfaces of the scaffolds. 
2.6. Cell culture 
Electrospun scaffolds membranes were fixed in CellCrown™, sterilized by UV-irradiation for 30 
minutes on both sides and rinsed overnight with OGM. Normal human osteoblasts (NHOst, 
Lonza, Belgium) were grown in OGM culture medium, supplemented with 10 % FBS, ascorbic 
acid and 5 % solution of gentamicin and amphotericin-B (OGM BulletKit, Lonza, USA) as the 
manufacturer indicates in an atmosphere containing 5 % CO2 at 37ºC. Electrospun scaffolds 
membranes fixed in CellCrown™ were incubated for 12-18 h in OGM. Then, culture medium 
was removed and NHOst at passages between 5 and 6 were seeded on the scaffolds at a density 
of 3,2x10
6
 cells/mL suspended in 10L of medium on the scaffolds center. Samples were 
incubated for 1 h and then more OGM was added to each well. Next, the cells were cultured up 
to 2, 7 and 14 days, renewing the culture medium every 2 days.   
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2.7. Cell viability 
A Live/Dead® Viability/Cytotoxicity Kit *for mammalian cells* (Molecular Probes, UK) was 
used to determine cell viability after 48h, 7 and 14 days of cultivation, according to the 
manufacturer’s protocol. Calcein-AM was used as a marker of esterase activity in living cells, 
EthD-1 penetrates into dead cells through their damaged membrane and produces red 
fluorescence and cellular nuclei were stained with an anthraquinone dye (DRAQ5TM).  The 
scaffolds were washed with DPBS five times for five minutes every time and incubated in 0.5 
mL of Live/Dead® working solution and 8 µM of DRAQ5. Staining was performed under dark 
conditions for 30 min at room temperature. Imaging the sample surfaces and cellular morphology 
were obtained on a confocal laser scanning microscope (Leica TCS SP2). 
2.8. Image processing for cell viability quantification 
Image J software (Version 1.48f , NIH, US) was used to quantify the viability of NHOst seeded 
onto the different scaffolds described above. Confocal images were analyzed through a step-by-
step procedure on the green channel as it recorded the live cells, setting up the scale and the 
threshold in this channel. Cell viability was determined by the ratio of green pixel area to the 
total area of pixels. Five different regions of each sample were evaluated and the maximum 
projection of at least 60 planes per region was quantified (total area analyzed per region ≈ 0.14 
cm
2
). Semiautomatic measurement was developed to calculate the percentage of the covered area 
by live cells stained with calcein. 
2.9. Cell morphology 
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SEM was performed to observe cell morphology and attachment on electrospun scaffolds 
membranes. After 48 h, 7 and 14 days of cultivation samples were washed with DPBS, fixed in a 
4% paraformaldehyde solution at room temperature for 30 minutes. The samples were sputter-
coated with platinum and characterized by SEM microscopy (Field Emission Scanning Electron 
Microscope CSEM-FEG INSPECT 50, FEI, USA). 
2.10. Statistical analysis 
All mechanical and release data were expressed as mean±standard deviation (SD) for n=5 
(for fiber diameter n=100 and for image analysis 60 planes per region and 5 regions per 
sample) and were analyzed using standard Student’s t-test analysis. Differences were 
considered significant when p≤0.05.  
3. RESULTS AND DISCUSSION 
3.1.  Hydroxyapatite characterization 
The XRD pattern for the synthesized HA nanoparticles is shown in Figure 1 a, it could be seen 
that all the peaks could be indexed to the hexagonal phase hydroxyapatite (JCPDS Nº 09-0432). 
The diffractogram do not show any other peaks corresponding to secondary phases or 
intermediate compounds suggesting the formation of pure HAn phase. Intense diffraction peaks 
with broad width are indicative of the crystalline nature of the prepared material and the small 
crystallite size respectively (Mohandes et al., 2014). Inset of Figure 1a shows the peaks 
corresponding to the (002) and (211) diffraction planes of hydroxyapatite. According to the 
JCPDS card 09-0432, the reference intensity ratio for (211), (002) is RI(211)/ RI(002)= 2.61. 
The calculated degree of texture index (David Nunez et al., 2014) for the synthesized 
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hydroxyapatite is 0.51 indicating a preferred growth orientation along the c-axis (Nathanael et 
al., 2015). These results are consistent with electronic microscope images (Figure 1 b and c), 
which show fibrous needle-like particles with mean diameters of 20 nm and length of 
approximately 150 nm. The rod-like shape of the nanoparticles is more clearly seen in TEM 
images (Figure 1 c). The FTIR spectrum of the material presents the characteristic bands for 
PO43- appearing at 472, 572 and 603cm
-1
 related to the asymmetric bending, and signals 
assigned to symmetric and asymmetric stretching positioned in the 900-1200 cm
-1
 range (Taheri 
et al., 2015). The broad peak around 3455 cm
-1
 is due to the adsorbed water on HAn structure 
and the absorption peak at 1635 cm
-1
 is attributed to the bending mode of OH
-
 groups (Mary et 
al., 2016). The absorption peak assigned to apatite hydroxyl bond is observed at 3569 cm
−1 
(An 
et al., 2016). The shoulder at 878 cm
-1
 together with the doublet at 1415 and 1458 cm
-1
 indicate 
the existence of CO3 
2-  
(Dai et al., 2015) probably coming  from the atmosphere carbon dioxide 
during sample preparation and would have been incorporated into the HAn crystal structure 
(Verma et al., 2013). All these results imply that the synthesis of rod-like shaped hydroxyapatite 
nanoparticles was successful. 
 
Scaffolds characterization 
3.1.1. As spun scaffolds 
The materials prepared by electrospinning are listed in Table 1 together with positive and 
negative voltages applied. Due to the properties (viscosity, surface tension, conductivity) of the 
solutions the voltages required to obtain a stable Taylor cone were higher to produce fibers 
containing hydroxyapatite than the voltages used for the pristine polymer fibers (Table 1).  
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The HAn load in the fibers was measured by thermogravimetric analysis (TGA, Figure SI 1) as 
the residue after complete polymers elimination at 600 ºC (Table 1). The experimental values of 
13.8 and 12.7 wt% for PCL-HAn/PCL and PCL-HAn/PVAC respectively, were close to the 
theoretical ones (13.2 and 11.9 wt%). The HAn load used was the maximum possible to obtain a 
stable Taylor cone; higher amount of nanoparticles in the spinning solution increase excessively 
the viscosity and also hinder good nanoparticles dispersion. 














Porosity Pores  
diameter 
(nm) 





210±64 63.5% 210 





225±47 58.6% 188 
1 
From TGA results, theoretical value between brackets. 
2
 Obtained by measuring at least 100 fibers in different SEM images 
 
 
XRD patterns of fibers with HAn are shown in Figure 2. The XRD diffractgram of PCL-
Han/PCL has peaks for both hydroxyapatite and PCL. Both the polymer and ceramic retain their 
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crystalline behaviour in the electrospun fibers indicating insignificant change in their crystal 
structure. This confirms the fact that HAn is finely and uniformly dispersed in the matrix (Uma 
Maheshwari et al., 2014). In PCL-HAn/PVAc pattern peaks at 25 and 35º establish the presence 
of hydroxyapatite incorporated in the scaffold (inset of Figure 2).   
FE-SEM images of the electrospun scaffolds showed uniform, beadless and nano-scaled fibrous 
structures randomly oriented for all the prepared materials under the optimum spinning 
conditions utilized in each case. As an example Figure 3 a) shows SEM micrographs obtained for 
fibers with PCL in the core and in the shell. Hydroxyapatite nanoparticles are mostly encased 
inside the fibers, but some agglomerates are observed on the surface (Figure 3 b). The fibers 
average diameter was measured from SEM images (Table 1). The presence of hydroxyapatite 
nanoparticles in the inner solution does not seem to have any effect on the PCL/PCL fiber 
diameter. It was previously observed for PCL fiber without defects, such as the obtained in this 
work, that for HA load higher than 5 wt% the average diameter was similar to the pristine fibers 
(Metwally et al., 2015). This result for high mass fraction was attributed to the increased 
viscosity of the dispersion during electrospinning. For the PCL/PVAc material the presence of 
hydroxyapatite leads to a slightly lower fibers mean diameter, probably due to the higher voltage 
needed to obtain a stable cone in the case of the hydroxyapatite loaded fibers (Cramariuc et al., 
2013).
 
The core-shell structure of the PCL/PVAc fibers was investigated by TEM microscopy as shown 
in Figure 4 a. The PVAc polymer (the transparent part of the outside structure of the fiber) is the 
shell wrapping uniformly the PCL fiber (the darker part of the inside structure of the fiber) as the 
core. A TEM micrograph of a PCL/PCL fiber was added in the inset for comparison purpose, as 
expected core and shell are indistinguishable in this case. The distribution of the HA 
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nanoparticles inside fibers can be observed in Figure 4 b, as mentioned before most of the 
particles are encapsulated into the polymers. 
 
3.1.2. Laser treated scaffolds 
After laser irradiation the scaffolds were analysed by SEM microscopy (Figure 5). For both 
materials the laser energy was not sufficient to machine a hole through the electrospun fibers. 
The images show that the membrane was not significantly affected outside the laser irradiation 
area. Figure 5a shows SEM images of PCL-HAn/PCL ablated scaffolds, the micropores were 
well obtained with diameters in the range 70-120m. It is important to observe the morphology 
of the remaining fibers since the aim is to improve the porosity without any additional effect 
(Rebollar et al., 2011). Even when some melting and coalescence of the fibers can be observed 
around the drilled holes, the surface morphology is only slightly changed. For PCL-HAn/PVAC 
on the other hand, the pores diameter are in the 50-90 m range and the change in the fibers 
morphology around the holes is more important. Besides, in this material not all the holes of the 
rectangular pattern were produced under irradiation. As mentioned in the experimental section 
different laser were used in order to get the pores in each material. 
 
3.2. In vitro bioactivity 
Biomineralization method was used in order to evaluate bone binding ability of the prepared 
materials. The apatite formation was monitored using the fibers pad before the laser treatment 
since the most important factor for the bioactivity of materials is the surface nature of fibers 
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(Singh et al., 2015). Figure 6 shows SEM images of both kind of fibers unloaded and 
hydroxyapatite loaded having been soaked in SBF for various times. Hydroxyapatite 
precipitation can be observed after incubation during 14 and 30 days only in samples containing 
HAn. The apatite form aggregates that reach size of more than 3m. The nanoparticles on the 
surface of fibers would act as nucleation sites in SBF, thus the presence of HAn is necessary for 
the apatite formation on the nanofiber surface. Fibers with PVAc shell suffer some structural 
change due to the poor water resistance of the polymer (Zhang et al., 2013), but they still 
exhibited a well interconnected pore network structure, which is necessary for mineral deposition 
and cellular in-growth. Characteristic peaks of calcium, phosphorous and oxygen, the main 
components of hydroxyapatite in EDX analysis (not shown) confirm the nature of the deposited 
aggregates. From these analyses Ca/P atomic ratios were 1.6 for PCL-HAn/PCL and 1.7 for 
PCL-HAn/PVAc. 
 
3.3.In vitro cell morphology and viability 
Human osteoblasts seeded onto the different types of scaffolds fabricated were evaluated 
regarding their morphology and proliferation until 14 days in order to assess their potential as 
bone regeneration scaffolds. SEM micrographs (Figure 7) showed cell adhesion to all the 
scaffolds and a normal morphology of cells which are homogenously distributed on the surface 
and with a clear higher cell density after 14 days especially in the scaffolds containing PVAc 
pointing to a good biocompatibility of the prepared materials.  
To further investigate the suitability of these scaffolds for bone tissue engineering, the viability 
of the osteoblasts seeded was tested after 48h (Figure SI 2), 7 days (Figure SI 3) and 14 days 
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(Figures SI 4 and 5). It should be noted that all confocal acquisitions were performed with the 
same settings. Biocompatibility of our scaffolds is clearly shown exerting high viability, very 
low mortality, which is even diminished with time, and cell proliferation. Furthermore, the laser 
treatment of the surfaces notably increased the scaffolds biocompatibility observing higher 
viability and cell density which could be attributed to the modification of the scaffolds surface 
and porosity (Figure 8) even in the nanometer scale as has been described for titanium 
engineered surfaces due to the change in protein adsorption and thus cell adhesion and 
proliferation (Chu et al., 2016; Rosales-Leal et al., 2010). In all the scaffolds assayed, cell 
growth was recorded mostly on the seeding surface probably due to the low pore size (VIDEO 
SI). In this sense, nano-porosity data of the un-treated scaffolds were very similar in all the 
different formulations assayed as described in Table 1, pointing to this factor as the responsible 
of the homogeneity in the results obtained in the cell viability and proliferation studies.  
Previous studies have reported the biocompatibility of PCL electrospun 3D-scaffolds in a human 
osteoblast in vitro model in which the high porosity enabled cells to penetrate into the scaffold 
(Wang et al., 2010). The grafting of collagen and chondroitin sulphate on modified surface PCL 
porous scaffolds synthesized by particulate leaching significantly increased the in vitro 
proliferation of murine chondrocytes four weeks after seeding though porosity was not altered 
(Chang et al., 2010) while chemically cross-linked PCL and HAn nanoparticles used to fabricate 
nanocomposite scaffolds loaded with the growth factor BMP-2 also showed very good 
cytocompatibility in a rabbit bone marrow stem cells in vitro model (Liu et al., 2014),
 
supporting 
PCL suitability as biomedical material. In addition, the fabrication of PCL scaffolds treated with 
a femtosecond laser to create pores, and therefore to modify the scaffold surface and porosity, 
has shown enhanced cellular activities compared to those scaffolds with the same pore size and 
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not treated with laser (Kim et al., 2014),  indicating that laser treatment may significantly 
improve the potential of these types of scaffolds in bone regeneration as our study shows. 
Though it is controversy regarding the “ideal” size pore for biomedical applications, in 
osteoregeneration most authors have pointed to 100-400 µm as recommended to facilitate cell 
adhesion and growth (Roosa et al., 2010). However, smaller pores are able to increase scaffolds 
surface and lead to higher cell attachment while larger pores facilitate cell migration (Kim et al., 
2014). Our results showed that laser pulse on PCL-HAn/PVAc scaffolds implied the formation 
of micropores of 50-90 µm while on PCL-HAn/PCL were slightly larger (70-120 µm). These 
data, together with the apparently higher cell density recorded in PVAc containing scaffolds, 
suggest that smaller micropore sizes made easier cell adhesion and proliferation.  
The incorporation of HAn in the synthesis process of poly(L/DL)-lactide (Rajzer et al., 2014) or 
polylactic acid (PLA) (Morelli et al., 2015) electrospun scaffolds for biomedical applications has 
been reported in order to improve cell attachment and proliferation. Since this effect is not clear 
in Figures SI 2-4, the cell viability 14 days after seeding NHOst on scaffolds with and without 
HAn was measured by image quantification (Figure SI 5). Results show that cell viability on 
samples with HAn are in the range of the ones without it. Besides, they support our observations 
pointing to a higher viability of cells seeded on PVAc containing scaffolds, exerting significant 
differences among PCL-HAn/PVAc group (treated and not treated with laser) vs PCL/PCL and 
PCL-HAn/PCL groups. Laser treated scaffolds also displayed higher viability percentages than 
the not treated ones highlighting the laser treatment as an improvement for cell attachment and 
viability.
 
To our knowledge, this is the first time that the incorporation of PVAc to PCL electrospun 
scaffolds and treated with laser to enhance their suitability in biomedical applications has been 
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shown these promising effects regarding human osteoblasts adhesion and proliferation, pointing 
to its potential application in bone repair approaches.  
 
4. CONCLUSIONS 
Rod shaped hydroxyapatite nanoparticles were successfully synthesized and incorporated into 
core-shell PCL/PCL and PCL/PVAc electrospun nanofibers. Only HAn loaded fibers presented 
hydroxyapatite precipitation after been soaked in SBF for 14 and 30 days. The presence HAn 
particles would be necessary for the apatite formation on the nanofiber surface. Fibers with 
PVAc shell suffer some structural change but they still exhibited a well interconnected pore 
network structure. Even when human osteoblasts growth was observed on all seeded surface, the 
laser treatment of the surfaces notably increased the scaffolds biocompatibility observing higher 
viability and cell density. This effect was more important on PCL-HAn/PVAc scaffolds with 50-
90 µm micropores than on PCL-HAn/PCL (pores of 70-120 µm) suggesting  that smaller 
micropore sizes favour cell adhesion and proliferation.  
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Figure 1: Characterization of the synthesized HAn: a) XRD, b) SEM images, c) TEM 
micrographs, d) FTIR spectrum. 
Figure 2: XRD patterns of PCL/PCL, PCL/PVAc, PCL-HAn/PCL and PCL-HAn/PVAc fibers  
Figure 3: SEM images of a) PCL/PCL fiber, b) PCL-HAn/PCL fibers. 
Figure 4: TEM images of a) PCL/PVAc fiber, inset PCL/PCL fiber, b) PCL-HAn/PVAc fiber. 
Figure 5: SEM images and pore size distribution of laser treated a) and c) PCL-HAn/PCL and b) 
and d PCL-HAn/PVAc) . 
Figure 6: SEM images of the prepared materials after immersion in SBF solution during 
different times. 
Figure 7:  SEM micrographs showing the morphology and adhesion of human osteoblasts 
seeded onto the different prepared materials at different time points (2, 7 and 14 days after cell 
seeding). Scale bars 100nm. 
Figure 8: Confocal microscope images  of scaffolds surface  (left) and viability (right) of human 
osteoblasts seeded in  PCL-HAn/PVAc scaffolds not treated (above) and treated with laser 
(below) after 14 days of cell seeding. Scale bars 100µm. 








